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Lima (2001)has proposed an alternative procedure to solve the Friedman-Robertson-Walker 
(FRW) cosmological equation of simple fluid with equation of state p = (7 — l)p. The basic result 
of such paper was to reduce the FRW equations to the the form of an oscillator equation. In this 
note we generalize such method for multidimentional FRW cosmologies. 
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Recently, Lima [l| rediscussed the cosmological solu- 
tions for a relativistic simple fluid in the framework of 
FRW models. In such paper the cosmological equation 
of simple fluid with equation of state p = (7 — l)p was 
reduced to a oscillator equation form. The possible dy- 
namic behaviors of the FRW equations were naturally 
recovered in such reduction. In this note we generalize 
the method for multidimentional FRW cosmologies. 

The spacetime metric for multidimentional FRW cos- 
mologies can take the following form [3| (c = 1) 



ds z =di z -a\t) + — 



5ijdx l dx 3 



(1) 



where r 2 = J2i x l e h j=l) 2, 3...D. 

In such background, the Einstein field equations for a 
relativistic simple fluid and the conservation of energy 
can be written as 



D(D-l) 



(D-l)ti {D-1)(D -2) 



= 8nG D p + A 



(2) 



p + D(p+p)H = 



lwG D p + A 
(3) 

(4) 



where p and p are the energy density and pressure, re- 
spectively. 

In the cosmological framework, it is usually assumed 
that the matter content obeys the barotropic 7-law equa- 
tion of state 



P= (7- !)P > 



76 [0,2] 



(5) 



it is interesting to see that the space dimensionality 
multiplies directly the parameter 7 in the energy density 
equation as 



P 



(G) 



The cosmic dynamics is determined by combining the 
above set of equations. In principle, the correspond- 
ing dynamic behavior must be heavily dependent on the 
choice of the three free parameters: (i) The curvature 
parameter K, (ii) the equation of state parameter 7, and 
(iii) the spatial dimension D. As one may check, the evo- 
lution of the scale function is driven by the second order 
differential equation 



a'd + A D d 2 + A D k = 



and 



A 



D 



(7) 



(8) 



It is possible to extend for the case of D-dimensions 
spatial the method solution proposed by Lima This 
can be accomplished by using the conformal time r\, in- 
stead of the cosmological or physical time [dt — a(-q)drj\. 
In this case the equation of motion (|7|) takes the form 
below: 



aa" + (A_d - l)a' 2 + A D ka 2 = 
We now employ the auxiliary factor 

Z(t]) = Ina if A D = 

Z(rj) = a A ° if A D ^0 
to obtain, respectively, 

Z" =0 if A D = 

Z" + kA 2 D Z = if A D ^ 



(9) 
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Although we are treating FRW cosmologies in D- 
dimentional space, the equations (p~2|) and (fl"3"|) are iden- 
tical to found by Lima for the 3-dimentional case. The 
eq. (flU)) stays describing the classical motion of a particle 



2 



subject to a linear force. This force is of restoring or re- 
pulsive type depending only on the sign of the curvature 
parameter. Closed models (k=l) are, for any value of 
Ad 7^ 0, analogous to harmonic simple oscillators (HSO). 

It should be stressed that the above method based on 
the transforming equations (p~0|) and (fTTj) is also conve- 
nient when new ingredients are considered such as the 
presence of a cosmological A term. The second-order dif- 
ferential equation ([7]) takes the form 



A D a 2 + A D k 



Aja 2 
D - 1 



(14) 



eralized equation of motion for A models in terms of the 
auxiliary scale factor is 



Z +A z kZ = 



2 , v _ 2A(A + 1)AZ- 



D(D-l) 



(15) 



When D \ — > 3 the Lima's results are recovered. 



and 



An = 



Dj-2 



As an advanced exercise, one may show that the gen- 
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